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(54) COOLING SYSTEM

(567) Disclosed herein a cooling system includes a
refrigerant circulator that a refrigerant is circulated,
wherein the refrigerant circulator includes a first com-
pressor configured to pressurize the refrigerant in gase-
ous state; a first cooler configured to cool the refrigerant
pressurized by the first compressor; afirst gas-liquid sep-
arator configured to separate the refrigerant cooled by
the first cooler into a first refrigerant flow of a gas com-
ponent and a second refrigerant flow of a liquid compo-
nent; a second compressor configured to pressurize the
first refrigerant flow; a second cooler configured to cool
the first refrigerant flow pressurized by the second com-
pressor; a second gas-liquid separator configured to sep-
arate the refrigerant cooled by the second cooler into a
third refrigerant flow of a gas component and a fourth
refrigerant flow of a liquid component; a first expansion
member configured to decompress the fourth refrigerant
flow; an economizer configured to separate the fourth
refrigerant flow decompressed by the first expansion
member into a fifth refrigerant flow of a gas component

and a sixth refrigerant flow of a liquid component; and a
first circulation line configured to supply the fifth refriger-
ant flow separated by the economizer to the first gas-lig-
uid separator; wherein the refrigerant is a mixed refrig-
erant. The cooling system may further include a cooling
line configured to receive and supercool an object to be
cooled; and a heat exchanger provided between the cool-
ing line and the refrigerant circulator and configured to
exchange heat with the object to be cooled and the re-
frigerant, wherein the heat exchanger includes afirstheat
exchanger configured to supercool the object to be
cooled, a second heat exchanger provided between a
rear end of the second gas-liquid separator and a front
end of the second expansion member to cool the third
refrigerant flow, a third heat exchanger that is provided
atarearend of the second expansion member and trans-
fers cold heat of the third refrigerant flow decompressed
by the second expansion member, a fourth heat ex-
changer configured to pre-cool the sixth refrigerant flow
decompressed by the third expansion member , and a
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fifth heat exchanger in which the third refrigerant flow
passing through the third heat exchanger and the sixth
refrigerant flow passing through the fourth heat exchang-
er are joined into a seventh refrigerant flow to exchange
heat with the object to be cooled.

[FIG. 1]
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Description
[Technical Field]

[0001] The disclosure relates to a cooling system, and
more particularly, to a cooling system capable of improv-
ing overall efficiency of a liquefaction process.

[Background Art]

[0002] As regulations of an International Maritime Or-
ganization (IMO) regarding the emission of greenhouse
gases and various air pollutants have been reinforced in
shipbuilding and shipping industries, the use of natural
gases, which is clean energy sources, as fuel gases for
a ship, instead of the use of existing fuels like heavy oil
and diesel oil, is increasing.

[0003] To facilitate storage and transport, natural gas-
es are managed and operated by changing the phase to
liquefied natural gases (LNG). Here, LNG refers to a
colorless and transparent cryogenic liquid whose volume
is reduced to 1/600 by cooling it to about -162 °C.
[0004] LNG may be accommodated in an insulated
storage tank installed in a ship body to store and trans-
port. However, because completely insulating and ac-
commodating LNG is not practically easy, external heat
is continuously transmitted to an inside of the storage
tank such that an object to be cooled generated by va-
porizing LNG is accumulated in the storage tank. The
object to be cooled may increase an internal pressure of
the storage tank, which results in deformation and dam-
age of the storage tank. Accordingly, treating and remov-
ing an object to be cooled is required.

[0005] Conventionally, a method of flowing an object
to be cooled through a vent mast provided on an upper
side of the storage tank or burning the object to be cooled
using a gas combustion unit (GCU) has been used, but
thisis undesirable in terms of energy efficiency. Recently,
a method of supplying the object to be cooled together
with liquefied natural gas or as fuel gas to the engine of
a ship, respectively, or re-liquefying the object to be
cooled using a re-liquefaction device such as a refriger-
ation cycle has been used.

[0006] A conventional liquefaction device for an object
to be cooled includes a system that uses a refrigerant
that combines C1 to C5 hydrocarbon with nitrogen, hy-
drogen, helium, etc., compresses and cools the refriger-
antflowing through a compression unit, and then liquefies
an object to be cooled through heat exchange between
the refrigerant and the object to be cooled.

[0007] On the other hand, as a gas component in the
compression unitlocated in the low pressure unitincreas-
es, cold heat effect that may occur compared to energy
consumed decreases. In other words, the greater the gas
capacity presentin the low-pressure unit, the lower over-
all efficiency of liquefaction system.

[0008] Accordingly, development of a liquefaction sys-
tem or liquefaction cycle capable of reducing the gas ca-
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pacity present in a low pressure unit by preventing the
vaporized refrigerant after heat exchange from being re-
circulated to the low pressure unit has been required.

[Disclosure]
[Technical Problem]

[0009] The disclosure provides a cooling system ca-
pable of improving liquefaction efficiency and perform-
ance of a liquefaction system.

[0010] Further, the disclosure provides a cooling sys-
tem capable of improving energy efficiency by reducing
an amount of gas capacity delivering to a low pressure
unit.

[0011] Further, the disclosure provides a cooling sys-
tem capable of promoting an efficient facility operation
with simple structure.

[0012] Further, the disclosure provides a cooling sys-
tem capable effectively controlling and maintaining an
operating efficiency of a heat exchanger by increasing
an amount of refrigerant circulating through the heat ex-
changer.

[Technical Solution]

[0013] Inaccordance with an aspect of the disclosure,
a cooling system includes a refrigerant circulator that a
refrigerantis circulated, wherein the refrigerant circulator
includes a first compressor configured to pressurize the
refrigerant in gaseous state; a first cooler configured to
cool the refrigerant pressurized by the first compressor;
a first gas-liquid separator configured to separate the re-
frigerant cooled by the first cooler into a first refrigerant
flow of a gas component and a second refrigerant flow
of a liquid component; a second compressor configured
to pressurize the first refrigerant flow; a second cooler
configured to cool the first refrigerant flow pressurized
by the second compressor; a second gas-liquid separator
configured to separate the refrigerant cooled by the sec-
ond coolerinto a third refrigerant flow of a gas component
and a fourth refrigerant flow of a liquid component; a first
expansion member configured to decompress the fourth
refrigerant flow; an economizer configured to separate
the fourth refrigerant flow decompressed by the first ex-
pansion member into a fifth refrigerant flow of a gas com-
ponent and a sixth refrigerant flow of a liquid component;
and a first circulation line configured to supply the fifth
refrigerant flow separated by the economizer to the first
gas-liquid separator; wherein the refrigerant is a mixed
refrigerant.

[0014] The economizer may be configured to two or
more multi-stage.

[0015] The refrigerant circulator may further include a
second expansion member configured to decompress
the third refrigerant flow; and a third expansion member
configured to decompress the sixth refrigerant flow.
[0016] The cooling system may further include a cool-
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ing line configured to receive and supercool an object to
be cooled; and a heat exchanger provided between the
cooling line and the refrigerant circulator and configured
to exchange heat with the object to be cooled and the
refrigerant, wherein the heat exchanger includes a first
heat exchanger configured to supercool the object to be
cooled, a second heat exchanger provided between a
rear end of the second gas-liquid separator and a front
end of the second expansion member to cool the third
refrigerant flow, a third heat exchanger that is provided
atarear end ofthe second expansion member and trans-
fers cold heat of the third refrigerant flow decompressed
by the second expansion member, a fourth heat ex-
changer configured to pre-cool the sixth refrigerant flow
decompressed by the third expansion member , and a
fifth heat exchanger in which the third refrigerant flow
passing through the third heat exchanger and the sixth
refrigerant flow passing through the fourth heat exchang-
er are joined into a seventh refrigerant flow to exchange
heat with the object to be cooled.

[0017] The refrigerant circulator may further include a
second circulation line including first heat exchanger sup-
ply lines configured to supply the seventh refrigerant flow
completely vaporized by the fifth heat exchanger to the
first compressor, a second heat exchanger supply line
configured to supply the third refrigerant flow to the sec-
ond heat exchanger, and a third heat exchanger supply
line configured to supply the sixth refrigerant flow to the
fourth heat exchanger, and a second refrigerant flow sup-
ply line provided so that an outlet end thereof joins the
third heat exchanger supply line and configured to supply
the second refrigerant flow decompressed by the fourth
expansion member.

[0018] The first heat exchanger supply lines may in-
clude a storage tank supply line configured to supply the
seventh refrigerant flow completely vaporized by the fifth
heat exchanger to a refrigerant storage tank; and a com-
pressor supply line configured to supply the seventh re-
frigerant flow from the refrigerant storage tank to the first
compressor.

[0019] The heat exchanger may further include a sixth
heat exchanger configured to pre-cool with the fifth re-
frigerant flow, and the second circulation line further com-
prises a fourth heat exchanger supply line configured to
supply the fifth refrigerant flow to the sixth heat exchang-
er.

[Advantageous Effects]

[0020] The cooling system of the disclosure may im-
prove liquefaction efficiency and performance of the ob-
ject to be cooled.

[0021] The cooling system of the disclosure may im-
prove energy efficiency.

[0022] The cooling system of the disclosure may have
a simple structure resulting in promoting the efficient fa-
cility operation.

[0023] The cooling system of the disclosure may con-
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trol and maintain effectively operating efficiency of the
heat exchanger.

[Description of Drawings]
[0024]

FIG. 1 is a conceptual diagram illustrating a cooling
system including a refrigerant circulator according
to an embodiment of the disclosure.

FIG. 2 is a conceptual diagram illustrating a cooling
system including a refrigerant circulator according
to another embodiment of the disclosure.

[Modes of the Invention]

[0025] Hereinafter, the embodiments of the disclosure
will be described in detail with reference to accompanying
drawings. It should be understood that the terms used in
the specification and the appended claims should not be
construed as limited to general and dictionary meanings,
butinterpreted based on the meanings and concepts cor-
responding to technical aspects of the disclosure on the
basis of the principle that the inventor is allowed to define
terms appropriately for the best explanation. Therefore,
the description proposed herein is just a preferable ex-
ample for the purpose of illustrations only, not intended
to limit the scope of the disclosure, so it should be un-
derstood that other equivalents and modifications could
be made thereto without departing from the spirit and
scope of the disclosure.

[0026] FIG. 1 is a conceptual diagram illustrating a
cooling system 100 including a refrigerant circulator ac-
cording to an embodiment of the disclosure.

[0027] Referring to FIG. 1, the cooling system 100 in-
cluding a refrigerant circulator according to an embodi-
ment of the disclosure includes a cooling line 130 for
receiving and supercooling an object to be cooled, the
refrigerant circulator through which a refrigerant circu-
lates, and a heat exchanger 145 provided between the
cooling line 130 and the refrigerant circulator and ex-
change heat between the object to be cooled and the
refrigerant. The cooling system 100 including the refrig-
erant circulator configured as described above is merely
an example, and the disclosure is not limited thereto.
[0028] As a device for driving the cooling systems 100
and 200 according to the embodiment of the disclosure,
any configuration may be used as long as it may liquefy
the object to be cooled such as boil-off gas generated
from liquefied gas such as LNG.

[0029] The above-described cooling system may in-
clude a refrigeration cycle in which a refrigerant is circu-
lated, and a mixed refrigerant may be used as the refrig-
erant. Meanwhile, an example of a preferred mixed re-
frigerant that may be applied to embodiments of the dis-
closure will be described later. On the other hand, the
object to be cooled is supplied to the cooling system
through the cooling line 130. The object to be cooled
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supplied to the cooling system is cooled by the refrigerant
while passing through a cold box, for example, the heat
exchanger 145 and liquefied.

[0030] The refrigerant circulator is provided to receive
the refrigerant of a gas component pressurized while
passing through first and second compressors 121a and
131a and re-liquefy the refrigerant.

[0031] The refrigerant circulator includes the first com-
pressor 121a for pressurizing the refrigerant in gaseous
state, a first cooler 121b for cooling the refrigerant pres-
surized by the first compressor, and a first gas-liquid sep-
arator 133 that separates the refrigerant cooled by the
first cooler 121b into a first refrigerant flow of a gas com-
ponent and a second refrigerant flow of a liquid compo-
nent.

[0032] At this time, the first refrigerant flow of the gas
componenthaving alow density is separated by an upper
line, and the second refrigerant flow of the liquid compo-
nent having a relatively high density is separated by a
lower line. The separated liquid second refrigerant flow
may then be expanded under reduced pressure by a
fourth expansion member 136.

[0033] Furthermore, the above-described refrigerant
circulator includes a second compressor 131a for pres-
surizing the first refrigerant flow, a second cooler 131b
for cooling the first refrigerant flow pressurized by the
second compressor, a second gas-liquid separator 137
for separating the first refrigerant flow cooled by the sec-
ond cooler into a third refrigerant flow of a gas component
and a fourth refrigerant flow of a liquid component, a sec-
ond expansion member 142 for decompressing the third
refrigerant flow, and a first expansion member 132 for
decompressing the fourth refrigerant flow.

[0034] Furthermore, the refrigerant circulator is provid-
edtoinclude an economizer 141 that separates the fourth
refrigerant flow into a fifth refrigerant flow, which is a gas
component generated by reducing the pressure and ex-
panding the fourth refrigerant flow by the first expansion
member 132, and a sixth refrigerant flow, which is the
remaining gas component thereof. At this time, the sixth
refrigerant flow may be reduced in pressure by a third
expansion member 143. Furthermore, the above-de-
scribed refrigerant circulator includes a first circulation
line 134 for supplying the fifth refrigerant flow to the first
gas-liquid separator 133.

[0035] Thefirstrefrigerantflow pressurized by the sec-
ond compressor 131a may be set to have a pressure of
10 to 200 barG, more preferably 15 to 150 barG. Herein,
when the pressure of the first refrigerant flow pressurized
from the second compressor 131ais set to be less than
15 barG, a rate of pressure loss generated by using cold
heat in devices disposed at rear end compared to the
energy required for pressurization (ex., the heat ex-
changer 145) increases, there is a problem in terms of
the efficiency of the cooling system. Furthermore, when
the pressure of the first refrigerant flow pressurized from
the second compressor 131a is set to exceed 150 barG,
in consideration of the phenomenon that the boiling point
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of the first refrigerant flow is increased accordingly, a
refrigerant having a low boiling point and a small molec-
ular weight in the first place should be added, but such
a refrigerant has a problem that the efficiency of the lig-
uefaction process is generally low.

[0036] The above-described first to fourth expansion
members 132, 142, 143, and 136 may have any con-
figuration as long as they may reduce a refrigerant flow,
and may be provided as, for example, an expansion valve
or an expander.

[0037] Onthe other hand, in a general cooling system,
most of the gas component of a circulating heating me-
dium is recirculated to a compressor of a low pressure
unit and undergoes a compression process, and then
passes through an expansion process through reduced
pressure to supply cold heat to the heat exchanger. Here-
in, when the gas component is decompressed and ex-
panded through the compressor at the same pressure
ratio, as the pressure condition is lowered, the amount
of generated cold heat decrease and the compression
energy for subsequent compression increases, thereby
causing a problem in energy efficiency.

[0038] Asdescribed above, the second gas-liquid sep-
arator 137 separates the first refrigerant flow into the
fourth refrigerant flow in the liquid phase, and the pres-
sure may be reduced by the first expansion member 132.
The fourth refrigerant flow in a decompressed and ex-
panded state exists in a state in which a gas component
and a liquid component are mixed, and the lower the
pressure condition of the above-described gas compo-
nent, the lower the cooling efficiency obtained compared
to the input compression energy.

[0039] Accordingly, the cooling system 100 according
to the embodiment of the disclosure may reduce the ca-
pacity of the first compressor 121a to improve the overall
efficiency of the cooling system by including the econo-
mizer 141 that separates the fifth refrigerant flow of the
gas component and the sixth refrigerant flow of the liquid
component from the fourth refrigerant flow, and circulates
the fifth refrigerant flow of the gas component to a front
end of the second compressor 131a under high pressure
condition.

[0040] At this time, the fifth refrigerant flow in the gas
phase separated by the economizer 141 may be circu-
lated by being supplied to the first gas-liquid separator
133 provided in front of the second compressor 131a
through the first circulation line 134 in the refrigerant cir-
culator as described above.

[0041] The heatexchanger 145 mayinclude afirstheat
exchanger 145a for supercooling an object to be cooled,
a second heat exchanger 145b provided between a rear
end of the second gas-liquid separator 13 1a and a front
end of the second expansion member 142 to cool the
third refrigerant flow, a third heat exchanger 145c that is
provided at a rear end of the second expansion member
142 and transfers cold heat of the third refrigerant flow
decompressed by the second expansion member, a
fourth heat exchanger 145d for pre-cooling the sixth re-
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frigerant flow decompressed by the third expansion
member 143, and a fifth heat exchanger 145e in which
the third refrigerant flow passing through the third heat
exchanger 145c and the sixth refrigerant flow passing
through the fourth heat exchanger 145d are joined into
a seventh refrigerant flow to exchange heat with the ob-
ject to be cooled.

[0042] The refrigerant circulator may include a second
circulation line and a second refrigerant flow supply line
139.

[0043] The above-described second circulation line in-
cludes first heat exchanger supply lines 140a and 140b,
a second heat exchanger supply line 146, and a third
heatexchanger supply line 138. Furthermore, the above-
mentioned second refrigerant flow supply line is provided
to supply the second refrigerant flow decompressed by
the fourth expansion member 136.

[0044] The third refrigerant flow in the gas phase sep-
arated by the second gas-liquid separator 137 may be
supplied to the second heat exchanger 145b through the
second heat exchanger supply line 146.

[0045] Thereafter, the third refrigerant flow that has
passed through the second heat exchanger 145b is ex-
panded under reduced pressure through the second ex-
pansion member 142, and is supplied to the heat ex-
changer 145 again to transfer cold heat of the third re-
frigerant flow to the third heat exchanger 145c therein.
[0046] Accordingly, the refrigerant supplied to the sec-
ond expansion member 142 is configured to be able to
exchange heat with the refrigerant in a cryogenic state
after expansion while passing through the heat exchang-
er 145 before expansion.

[0047] The second expansion member 142 may be
provided at the rear end of the second heat exchanger
145b. The second expansion member 142 may imple-
ment cooling and re-liquefaction by decompressing the
third refrigerant flow of the gas component that has
passed through the second heat exchanger 145b.
[0048] The second expansion member 142 may be,
for example, a Joule-Thomson valve. The second expan-
sion member 142 may reduce the third refrigerant flow
passing through the second heat exchanger 145b to a
pressure level corresponding to the gas pressure condi-
tion required by the system.

[0049] The sixthrefrigerantflowinthe liquid phase sep-
arated by the economizer 141 is supplied to the fourth
heat exchanger 145d through the third heat exchanger
supply line 138.

[0050] At this time, the above-described sixth refriger-
ant flow is provided to enable pre-cooling by being ex-
panded by the third expansion member 143 under re-
duced pressure and delivered to the fourth heat exchang-
er 145d.

[0051] On the other hand, the second refrigerant flow
supply line 139 for supplying the second refrigerant flow
decompressed by the fourth expansion member 136 is
provided so that an outlet end thereof joins the third heat
exchanger supply line 138. Accordingly, the second re-
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frigerant flow flowing through the second refrigerant flow
supply line 139 and the sixth refrigerant flow flowing
through the third heat exchanger supply line 138 are
mixed and then supplied to the fourth heat exchanger
145d through one third heat exchanger supply line 138.
[0052] Herein, the third refrigerant flow is provided to
be subcooled after the object to be cooled undergoes a
liquefaction process through heat exchange with the ob-
ject to be cooled flowing through the cooling line 130
passing through the third heat exchanger 145c.

[0053] Accordingly, the third refrigerant flow passing
through the third heat exchanger 145c and the sixth re-
frigerant flow passing through the fourth heat exchanger
145d are joined into the seventh refrigerant flow in the
fifth heat exchanger. Thereafter, the above-described
seventh refrigerant flow is provided so that the object to
be cooled is pre-cooled through heat exchange with the
object to be cooled flowing through the cooling line 130
in the fifth heat exchanger.

[0054] The first heat exchanger supply lines 140a and
140b supply the seventh refrigerant flow completely va-
porized by the fifth heat exchanger to the first compressor
121a. The seventh refrigerant flow is completely vapor-
ized by providing cold heat to the fifth heat exchanger,
and passes through the fifth heat exchangerin a gaseous
state.

[0055] A refrigerant storage tank 150 for collecting the
seventh refrigerant flow in the gas phase may be provided
at an intermediate point of the first heat exchanger supply
lines 140a and 140b. The seventh refrigerant flow in the
gas phase that has passed through the fifth heat ex-
changer is supplied to the refrigerant storage tank 150
to be circulated to the first compressor 121a.

[0056] Accordingly, the first heat exchanger supply
lines 140a and 140b includes the first storage tank supply
line 140a for supplying the seventh refrigerant flow to the
refrigerant storage tank 150, and a compressor supply
line 140b for supplying the refrigerant collected in the
refrigerant storage tank 150 to the first compressor 121a.
[0057] Meanwhile, a mixedrefrigerantapplicabletothe
embodiments of the disclosure may be a refrigerant in
which C1-C5 hydrocarbons and nitrogen, hydrogen, he-
lium, and the like are combined. More specifically, the
mixed refrigerant contains nitrogen and methane, and
may further contain ethylene and propane having a high-
er boiling point than this, and may further contain iso-
pentane having a higher boiling point than this.

[0058] On the other hand, the temperature difference
between the above-described first to seventh refrigerant
flows and a feed gas as an object to be cooled is defined
as an approach temperature. More specifically, in the
fifth heat exchanger 145e in which heat exchange occurs
between the seventh refrigerantflow in the heatexchang-
er 145 and the object to be cooled, the temperature dif-
ference between the seventh refrigerant flow and the ob-
ject to be cooled may be defined as the approach tem-
perature of the heat exchanger 145. The approach tem-
perature of the heat exchanger 145 is predetermined
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within a predetermined range from a viewpoint of heat
transfer efficiency, the capacity of the first and second
compressors 121a and 131a, and economy. In this case,
the above-described approach temperature is a value
proportional to a heat transfer amount of the heat ex-
changer 145. The composition ratio between the com-
ponents of the mixed refrigerant, which will be described
later, is predetermined so that the above-described ap-
proach temperature has a value in a predetermined
range, for example, 1 to 15 °C under the temperature
condition of the liquefaction process according to the
types of the object to be cooled. At this time, if the ap-
proach temperature is setlower than 1 °C, the heat trans-
fer area for transferring the same amount of heat is set
excessively wide, resulting in economic loss. Converse-
ly, if the approach temperature is set higher than 15 °C,
the temperature of the refrigerant flow is further lowered
and for this, the pressure of the compressor applied to
the refrigerantis increased. In this process, as compres-
sion energy required for the compressor increases, the
efficiency of the compressor and the production efficien-
cy of the process are reduced.

[0059] The composition ratio of nitrogen to the entire
mixed refrigerant is 5 mol% or more, more preferably 5
to 20 mol%, and the composition ratio of methane is 20
mol% or more, more preferably 20 to 40 mol%. When
nitrogen and methane, which have relatively low boiling
points, are contained in small amounts below the above-
described ranges, the efficiency of the liquefaction proc-
ess of the object to be cooled, for example, LNG or a
boiled-off gas (BOG) containing methane as a main com-
ponent, is reduced.

[0060] The composition ratio of ethylene is 35 mol%
or less, more preferably 10 to 35 mol%. In this case,
ethane may be used instead of ethylene. Moreover, the
composition ratio of propane is 35 mol% or less, more
preferably, 10 to 35 mol%. When ethylene and propane
are contained in excess of 35 mol% or more in the lique-
faction process of the object to be cooled, for example,
LNG or BOG whose main component is methane, the
boiling point of the mixed refrigerant rises and the ap-
proach temperature of the heat exchanger 145 corre-
sponding to the temperature of the above-described lig-
uefaction process falls below a predetermined range,
thereby reducing the heat transfer amount of the heat
exchanger 145.

[0061] The composition ratio ofiso-pentaneis 20 mol%
or less, more preferably 5 to 20 mol%. In this case, iso-
butane may be used instead of iso-pentane, or iso-pen-
tane andiso-butane are used in combination, but the total
composition ratio of iso-pentane and iso-butane is 20
mol% or less, more preferably may be used so as to be
5 to 20 mol%. When the above-mentioned composition
ratio is 5 mol% or less, the refrigerant that covers the
high temperature part in the mixed refrigerant is insuffi-
cient. To overcome this, it is necessary to increase the
amount of refrigerant having a large molecular weight,
which leadstoincrease in the flow rate of the compressor,
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and thus the efficiency of the entire liquefaction process
may be reduced. Similarly, when the above-mentioned
composition ratio in the mixed refrigerant is contained in
excess of 20 mol% or more, in the liquefaction process
of the objectto be cooled having a low-temperature freez-
ing point as a physical property, the approach tempera-
ture of the heat exchanger 145 falls below a predeter-
mined range, thereby reducing the heat transfer amount
of the heat exchanger 145.

[0062] As the cooling systems 100 and 200 including
the refrigerant circulator, for example, a non-flammable
mixed refrigerant may be used. The non-flammable
mixed refrigerant formed by mixing a plurality of non-
flammable refrigerants has a mixed composition ratio
such that it does not condense even at a liquefaction
temperature in which BOG compressed to medium pres-
sure is re-liquefied. The refrigeration cycle using phase
change of the mixed refrigerant is more efficient than the
nitrogen gas refrigeration cycle using only nitrogen as
the refrigerant. The non-flammable mixed refrigerant
may include, for example, argon, a hydrofluorocarbon
refrigerant, and a mixed refrigerant including a fluorocar-
bon refrigerant. Furthermore, as the cooling systems 100
and 200 including the refrigerant circulator, of course,
not only the above-described non-flammable mixed re-
frigerant, but also a flammable mixed refrigerant may be
used.

[0063] Ontheotherhand, the mixed refrigerantaccord-
ing to the embodiment of the disclosure may be used as
not only a Single Mixed Refrigerant (SMR) but also a
Double Mixed Refrigerant (DMR), or may be applied to
three or more closed loop cascades.

[0064] FIG. 2 is a conceptual diagram illustrating a
cooling system 200 according to another embodiment of
the disclosure.

[0065] Referring to FIG. 2, a cooling system 200 ac-
cording to another embodiment of the disclosure includes
a cooling line that for receiving and supercooling an ob-
ject to be cooled, the heat exchanger 145 provided be-
tween the cooling line and the refrigerant circulator and
exchange heat between the object to be cooled and the
refrigerant. The refrigerant circulator includes the first
compressor 121a for pressurizing the refrigerant in gas-
eous state, the first cooler 121b for cooling the refrigerant
pressurized by the first compressor, the first gas-liquid
separator 133 that separates the refrigerant cooled by
the first cooler 121b into the gas component first refrig-
erant flow and the liquid component second refrigerant
flow, the second compressor 131a for pressurizing the
first refrigerant flow, the second cooler 131b for cooling
the first refrigerant flow pressurized by the second com-
pressor, the second gas-liquid separator 137 for sepa-
rating the firstrefrigerantflow cooled by the second cooler
into the gas component third refrigerant flow and the lig-
uid component fourth refrigerant flow, the second expan-
sion member 142 for decompressing the third refrigerant
flow, the first expansion member 132 for decompressing
the fourth refrigerant flow, the economizer 141 that sep-
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arates the fourth refrigerant flow decompressed by the
first expansion member into the fifth refrigerant flow in a
gaseous state and the sixth refrigerant flow in liquid state,
and the third expansion member 143 for decompressing
the sixth refrigerant flow. Furthermore, the above-de-
scribed refrigerant circulator includes the first circulation
line 134 for supplying the fifth refrigerant flow to the first
gas-liquid separator 133.

[0066] The heat exchanger 145 may include the first
heat exchanger 145a for supercooling the object to be
cooled, the second heat exchanger 145b provided be-
tween the rear end of the second gas-liquid separator
131a and the front end of the second expansion member
142 to cool the third refrigerant flow, the third heat ex-
changer 145c that is provided at the rear end of the sec-
ond expansion member 142 and transfers cold heat of
the third refrigerant flow decompressed by the second
expansion member, the fourth heat exchanger 145d for
pre-cooling the sixth refrigerant flow decompressed by
the third expansion member 143, and the fifth heat ex-
changer 145e in which the third refrigerant flow passing
through the third heat exchanger 145¢ and the sixth re-
frigerant flow passing through the fourth heat exchanger
145d are joined into the seventh refrigerant flow to ex-
change heat with the object to be cooled.

[0067] The refrigerant circulator further includes the
second circulation line including the first heat exchanger
supply lines 140a and 140b, the second heat exchanger
supply line 146, and the third heat exchanger supply line
138 for supplying the sixth refrigerant flow to the fourth
heat exchanger 145d, and the second refrigerant flow
supply line 139 for supplying the second refrigerant flow
decompressed by the fourth expansion member 136 is
provided so that an outlet end thereof joins the third heat
exchanger supply line 138.

[0068] At this time, the heat exchanger 145 further in-
cludes a sixth heat exchanger 145f for pre-cooling with
the fifth refrigerant flow, and the above-described second
circulation line further includes a fourth heat exchanger
supply line 135 for supplying the above-described fifth
refrigerant flow to the sixth heat exchanger 145f.

[0069] In other words, the cooling system 200 accord-
ing to another embodiment of the disclosure may apply
cold heat to the heat exchanger 145 by supplying the fifth
refrigerant flow to the sixth heat exchanger 145f through
the fourth heat exchanger supply line 135, and then con-
trol the fifth refrigerant flow to be supplied to the first cir-
culation line 134.

[0070] The fourth heat exchanger supply line 135
transfers the fifth refrigerant flow in the gas phase sep-
arated through the economizer 141. Accordingly, the fifth
refrigerantflow in the gas phase separated fromthe econ-
omizer 141 is supplied as the refrigerant to the sixth heat
exchanger 145fthrough the fourth heat exchanger supply
line 135, thereby improving the cooling effect of the heat
exchanger 145.

[0071] Onthe other hand, in FIGS. 1 and 2, the cooling
systems 100 and 200 according to the disclosure are
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shown as having first and second compressors 121a and
131a, which are two-stage compressors, and one econ-
omizer 141. However, when a multi-stage compressor is
provided, it may include a case in which two or more
multi-stage economizers are added in response to the
number of provided compressors. For example, when a
three-stage compressoris used, atwo-stage economizer
may be provided, and when a four-stage compressor is
used, a three-stage economizer may be provided.
[0072] Furthermore, as shown in FIGS. 1 and 2, in the
cooling systems 100 and 200 according to the disclosure,
as soon as the fifth refrigerant flow is separated from the
economizer 141, it is supplied to the first gas-liquid sep-
arator 133 provided in front of the second compressor
131a through the first circulation line 134, or the fifth re-
frigerant flow is supplied to the first circulation line 134
after cold heat to the sixth heat exchanger 145f passing
through the fourth heat exchanger supply line 135. How-
ever, the disclosure is not limited thereto.

[0073] For example, the cooling systems 100 and 200
according to the disclosure may include both the first cir-
culation line 134 and the fourth heat exchanger supply
line 135 as the refrigerant circulator through which the
fifth refrigerant flow separated from the economizer 141
may pass. Accordingly, depending on the operating
mode and efficiency of the system, the cooling systems
100 and 200 may selectively control a flow directly pass-
ing through the first circulation line 134 without the fifth
refrigerant flow being supplied to the inside of the heat
exchanger, or a flow providing cold heat to the heat ex-
changer 145 by being supplied to the sixth heat exchang-
er 145f,

[0074] Asaresult,theabove-described cooling system
separates the refrigerant in gaseous state generated
through the expansion member through the economizer
141 and delivers the refrigerant to the front end of the
second compressor 131a so that it may be pressurized
to a high pressure condition, thereby improving the lig-
uefaction efficiency and performance of the object to be
cooled.

[0075] Furthermore, when the fifth refrigerant flow
passing through the economizer 141 is controlled so that
only the first circulation line 134 is supplied, the liquefac-
tion process may be easily performed by simplifying a
piping structure in the heat exchanger 145. In addition,
when controlling the fifth refrigerant flow passing through
the economizer 141 to be supplied to the first circulation
line 134 through the fourth heat exchanger supply line
135, cooling efficiency may be improved by increasing
the amount of refrigerant, which is a material that may
cool the object to be cooled, due to the driving of the heat
exchanger 145.

[0076] While the disclosure has been shown and de-
scribed with reference to certain exemplary embodi-
ments thereof, it will be understood by those skilled in
the art that various changes in form and details may be
made therein without departing from the spirit and scope
of the disclosure as defined by the appended claims.
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Claims
1. A cooling system, comprising:

a refrigerant circulator that a refrigerant is circu-
lated,
wherein the refrigerant circulator comprising:

a first compressor configured to pressurize
the refrigerant in gaseous state;

a first cooler configured to cool the refriger-
ant pressurized by the first compressor;

a first gas-liquid separator configured to
separate the refrigerant cooled by the first
cooler into a first refrigerant flow of a gas
component and a second refrigerant flow of
a liquid component;

a second compressor configured to pressu-
rize the first refrigerant flow;

a second cooler configured to cool the first
refrigerant flow pressurized by the second
compressor;

a second gas-liquid separator configured to
separate the refrigerant cooled by the sec-
ond cooler into a third refrigerant flow of a
gas component and a fourth refrigerant flow
of a liquid component;

a first expansion member configured to de-
compress the fourth refrigerant flow;

an economizer configured to separate the
fourth refrigerant flow decompressed by the
first expansion member into a fifth refriger-
ant flow of a gas component and a sixth re-
frigerant flow of a liquid component; and

a first circulation line configured to supply
the fifth refrigerant flow separated by the
economizer to the first gas-liquid separator;

wherein the refrigerant is a mixed refrigerant.

2. The cooling system of claim 1, wherein
the economizer is configured to two or more multi-
stage.

3. The cooling system of claim 1, wherein
the refrigerant circulator further comprises:

a second expansion member configured to de-
compress the third refrigerant flow; and

a third expansion member configured to decom-
press the sixth refrigerant flow.

4. The cooling system of claim 3, further comprising:

a cooling line configured to receive and super-
cool an object to be cooled; and

a heat exchanger provided between the cooling
line and the refrigerant circulator and configured
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to exchange heat with the object to be cooled
and the refrigerant,

wherein the heat exchanger comprises:

a first heat exchanger configured to supercool
the object to be cooled, a second heat exchang-
er provided between a rear end of the second
gas-liquid separator and a front end of the sec-
ond expansion member to cool the third refrig-
erant flow, a third heat exchanger that is provid-
ed at a rear end of the second expansion mem-
ber and transfers cold heat of the third refrigerant
flow decompressed by the second expansion
member, a fourth heat exchanger configured to
pre-cool the sixth refrigerantflow decompressed
by the third expansion member, and a fifth heat
exchanger in which the third refrigerant flow
passing through the third heat exchanger and
the sixth refrigerant flow passing through the
fourth heat exchanger are joined into a seventh
refrigerant flow to exchange heat with the object
to be cooled.

5. The cooling system of claim 4, wherein the refriger-
ant circulator further comprises:

a second circulation line including first heat ex-
changer supply lines configured to supply the
seventh refrigerant flow completely vaporized
by the fifth heat exchanger to the first compres-
sor, a second heat exchanger supply line con-
figured to supply the third refrigerant flow to the
second heat exchanger, and a third heat ex-
changer supply line configured to supply the
sixth refrigerant flow to the fourth heat exchang-
er, and

a second refrigerant flow supply line provided
so that an outlet end thereof joins the third heat
exchanger supply line and configured to supply
the second refrigerant flow decompressed by
the fourth expansion member.

6. The cooling system of claim 5, wherein The first heat
exchanger supply lines comprises:

a storage tank supply line configured to supply
the seventh refrigerant flow completely vapor-
ized by the fifth heat exchanger to a refrigerant
storage tank; and

a compressor supply line configured to supply
the seventh refrigerant flow from the refrigerant
storage tank to the first compressor.

7. The cooling system of claim 5, wherein

the heat exchanger further comprises a sixth
heat exchanger configured to pre-cool with the
fifth refrigerant flow, and

the second circulation line further comprises a



15 EP 3 951 297 A1

fourth heat exchanger supply line configured to
supply the fifth refrigerant flow to the sixth heat
exchanger.
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